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energy markets

oil markets

> EIA: Oil and gas prices are still at 10-year lows.
> Oil and gas prices have rebounded (~33%) since ~S45/bbl-low in January (but still
at 10-year low).

global supply and demand outlooks

EIA/BP/ExxonMobil/IEA: Global energy outlooks mostly aligned.

> EIA/BP/ExxonMobil/IEA: Global transportation energy demand increases; U.S.
stays level.

> EIA/BP/IEA: World oil production increases, despite U.S. production leveling off.

> EIA/BP/ExxonMobil/IEA: World oil production and transportation energy demand
increases keep pace.

alternative fuels

> EIA: Non-petroleum share of transportation energy at highest level since 1954.



oil markets
EIA: Oil and gas prices are still at 10-year lows
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oil markets
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global supply and demand

EIA/BP/ExxonMobil/IEA: Global energy outlooks
mostly aligned.

. Annual Energy
EIA Annual Energy Outlook Outlook 2015

(April, 2015)
e EIA’s International Energy
Outlook (November, 2014)
 BP Energy Outlook 2035
(February, 2015)
* ExxonMobil’s Outlook for
Energy 2015 (December, 2014)
* |EA’s World Energy Outlook
(November, 2014)

February 2015

Source: BP, EIA, ExxonMobil



global supply and demand

EIA/BP/ExxonMobil/IEA: Global transportation energy
demand increases, despite U.S. staying level.

World, North America, and U.S.
Transportation Energy Demand (“TED”)
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global supply and demand

EIA/BP/IEA: World oil production increases, despite
U.S. production leveling off.

World, North America, and U.S. Oil Production
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petroleum markets

EIA/BP/ExxonMobil/IEA: World oil production and
transportation energy demand increases keep pace.

World, North America, and U.S. Oil Consumption and Transportation
Energy Demand (“TED”)
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global supply and demand

EIA/BP/ExxonMobil/IEA: Global energy outlooks
mostly aligned.

World, North America, U.S. Oil Consumption and Production Outlook
(Indexed to 2010)
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alternative fuels

highest level since 1954.

Energy consumption in the transportation sector (1949-2014)
guadrillion Btu
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automotive markets

>
>

vehicle sales

FOTW: U.S. 2014 PEV sales highest in the world, and among highest per capita.
FOTW: PEV sales total nearly 120,000 units in 2014; nearly 300,000 cumulatively.

vehicle trends

>
>

V V V V

vV V

ANL: Range-extension technologies increasingly attractive away from city center.

ANL: PEV sales per capita increase as population density declines (and moreso for PHEVs
than BEVs).

FOTW: PEV penetration varies (sometimes greatly) by state.

FOTW: BEV-to-PHEV ratios differ (sometimes greatly) by state.

FOTW: HEV sales also vary by state, and is somewhat correlated with state PEV sales.
Navigant: Start-stop and alt-fuel vehicles comprise over 70% and 13%, respectively, of
global LDV sales in 2035

Navigant: Global share of conventional ICE vehicles falls to under 40% by 2035.
Navigant: North American market shrinks from over 20% of global LDV sales in 2015 to
over 15% in 2035.

PEV depreciation

>

NADA: National Automobile Dealers’ Association publishes 3-year depreciation rates for
PEVs.

ANL: BEVs may depreciate comparably to ICEVs, pending further study (e.g., incentives?).
ANL: PHEVs may depreciate more than ICEVs, pending further study (e.g., incentives?).

13



vehicle sales

FOTW: U.S. 2014 PEV sales highest in the world,
and among highest per capita.
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vehicle sales

FOTW: PEV sales total nearly 120,000 units in
2014; nearly 300,000 cumulatively.
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ev incentives

FOTW: PEV penetration varies (sometimes
greatly) by state.
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ev incentives

FOTW: BEV-to-PHEV ratios differ (sometimes
greatly) by state.
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Source: http://energy.gov/eere/vehicles/fact-877-june-15-2015-which-states-have-more-battery-electric-vehicles-plug-hybrids
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ev incentives

FOTW: HEV sales also vary by state, and is
somewhat correlated with state PEV sales.

Source: http://energy.gov/eere/vehicles/fact-875-june-1-2015-hybrid-electric-vehicle-penetration-state-2014
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vehicle trends
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ANL: Range-extension technologies increasingly
attractive away from city center.
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vehicle trends

ANL: PEV sales per capita increase as population density
declines (and moreso for PHEVs than BEVs).
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vehicle trends

Navigant: Start-stop and alt-fuel vehicles comprise over
70% and 13%, respectively, of global LDV sales in 2035.

World LDVs sales by drivetrain
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vehicle trends

Navigant: Global share of conventional ICE vehicles falls
to under 40% by 2035.

World LDVs in use (total stock) by drivetrain

2,000,000,000

mSSV mHEV mPHEV mBEV
NGV mFCEV wmPAGV mCONV

1,800,000,000 -

1,600,000,000

1,400,000,000

1,200,000,000 -
1,000,000,000 -
800,000,000 -
600,000,000 -
400,000,000 -

200,000,000 -

2015 2020 2025 2030 2035

Acronyms: SSV — Start-Stop Vehicle; PAGV — Propane; CONV = Conventional ICEV
Source: “Transportation Forecast: Light Duty Vehicles,” Navigant Research Report, Published 2Q 2015. 22



vehicle trends

Navigant: North American market shrinks from over
20% of global LDV sales in 2015 to over 15% in 2035.

World LDV sales by region
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PEV depreciation
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NADA: National Automobile Dealers’ Association
publishes 3-year depreciation rates for PEVs.
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PEV depreciation

ANL: BEVs may depreciate comparably to ICEVs;
though, further study (e.g., incentives?) is important.
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Source: Zhou, Y. ANL (2015). 25



PEV depreciation

ANL: PHEVs may depreciate more than ICEVs; though,
further study (e.g., incentives?) is important.
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technologies studies

vehicle technology

> FOTW: GDI captures 38% market share in just 7 years from first significant use.

> FOTW: Technology advances facilitate co-improvement of power, acceleration,
and, recently, fuel economy.

> ANL: Potential alt-fuel vehicle fuel savings1 differ by technology and average
speed

ev infrastructure

> FOTW: Number of [public] EV charging outlets continues to increase

28



vehicle technology
FOTW: GDI captures 38% market share in just 7
years from first significant use.
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vehicle technology

FOTW: Technology advances facilitate co-improvement
of power, acceleration, and, recently, fuel economy.
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vehicle technology
ANL: Potential alt-fuel vehicle fuel savings? differ
by technology and average speed

High performance BEVs save much more than PHEVs
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Source: Zhou, Y. ANL (2015). 31



eV infrastructure

continues to increase
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environmental studies

emissions

>

EIA: EPA’s Proposed Clean Power Plan rule cuts power sector CO2
emissions to lowest level since 1980s.

EIA: Under the proposed Clean Power Plan, natural gas, then
renewables, gain generation share.

ANL: GREET report concludes oil-sand emissions higher than those from
conventional sources.
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emissions studies

EIA: EPA's Proposed Clean Power Plan rule cuts power
sector CO, emissions to lowest level since 1980s.

Associated 2040 BEV emissions

Carbon dioxide emissions from the electric power sector, 1980-2040 reduction opportunity
million metric tons (vs. MY2015 ICEV)
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Source: http://www.eia.gov/todayinenergy/detail.cfm?id=21372 35
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emissions studies

EIA: Under the proposed Clean Power Plan, natural
gas, then renewables, gain generation share.

LI.S. total electricity generation in two cases, 1990-2040
trillion kilowatthours
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emissions studies

ANL: GREET report concludes oil-sand emissions are
higher than those from conventional sources.
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consumer & opinion surveys

consumer preferences

> NREL: Public opinion is split on PEV attractiveness, and the majority are
unlikely to even consider a PEV.

> NREL: Most consumers cannot name a PEV model; though, most indicate
at least indirect PEV experience.

> NREL: Most consumers can plug in at home; though, very few are aware
of away-from-home charging.

> NREL: The median preferred range for consumers to consider purchasing
a BEV is 250-300 miles.

> FOTW: >60% of Millennials and Gen-Xers use the internet to find a car
dealer.

travel behavior
> EIA: On average, households with more vehicles travel more in each/all of
those vehicles.
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consumer preferences

Of the vehicle options that are available
today, what is your opinion of electric
vehicles? Would you say theyare...

41%

33%
29% g%

23%

. B

Better than Just asgood as Notasgood as Don't know

15% 14%

gas vehicles gas vehicles  gasvehicles

B PHEV mEV

Source: Singer, M. NREL (2015).

NREL: Public opinion is split on PEV attractiveness, and
the majority are unlikely to even consider a PEV.

Do you expect to consider an electric vehicle
for your next vehicle purchase or lease?

Would you say...
519% 58%
22% 17% 24% 22%
s> Hm EW o
Expectto Expectto Doubtwill Willnot Don'tknow
purchase or considera considera purchase or
lease a PEV PEV PEV lease a PEV
W PHEV mEV
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consumer preferences

NREL: Most consumers cannot name a PEV model;
though, most indicate at least indirect PEV experience.

Have you ever been in or near a plug-in electric

Can you name any PLUG-IN electric vehicles? vehicle? Would you say...

Please name as many as you can.

49%
iy 43%
36% can name a specific model aside from the Prius Plug-in.
42% can name a specific model including the Prius Plug-in.
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Source: Singer, M. NREL (2015). 41



consumer preferences

NREL: Most consumers can plug in at home; though,
very few are aware of away-from-home charging.

Could you consistently park the vehicle you drive most

often at home near an existing electrical outlet so thatit
could be plugged-in MOST days?

Are you aware of any electric vehicle charging stations

along the routes you drive and the places you visit in a

typical day that you could use if you drove an electric
vehicle? Would you say...

79% 57%
% "
18% are aware of available EVSE.
10% - 12%
3% 2% 2%
O I 1] S o
Pass charging At your place Atthe stores Not aware of Don't know Yes No Don't know
stations of work and places any m Apr-06 mFeb-15
regularly you frequent

Source: Singer, M. NREL (2015).



consumer preferences

NREL: The median preferred range for consumers to
consider purchasing a BEV is 250-300 miles.

How many miles would a pure electric vehicle that
could not be powered by gasoline need to travel on a
single charge for you to be satisfied by the range and

consider purchasing or leasing the vehicle?
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consumer preferences

FOTW: >60% of Millennials and Gen-Xers use the
internet to find a car dealer.

Share of Respondents
0% 10% 20% 30% 40% 50% 60% 70%

Internet

Referral from
Family or Friend

m Millennials

HGen X
| Baby Boomers

Prior Experience
w/Dealer

Newspaper
(Printed or
On-line)

All Other l
Media Sources

Source: http://energy.gov/eere/vehicles/fact-872-may-11-2015-study-finds-more-60-millennials-and-generation-xers-use-internet
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travel behavior

EIA: On average, households with more vehicles
travel more in each of those vehicles.

Average annual vehicle miles of travel per household

miles per year percent of households
one. [N 10 600 —
two | 23.700 I %
® 5
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£2 oo | :: 90 R
22 four | /3 600 5%
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s = fve [ 49,300 I 2%
=
b4l most-usedvehicle 2ndvehicle  3rd 57,700 | 184
= 0 20,000 40,000 60,000 9% without a vehicle
Cld

Source: http://www.eia.gov/todayinenergy/detail.cfm?id=20832
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6policy studies

fuel economy regulation

> FOTW: Corporate Average Fuel Economy has increased steadily since mid-2000s.

> FOTW: Most manufacturers have positive CAFE credit balances at the end of
MY2013.

> ICCT: HDV standards yield over one million barrels per day of oil savings from
2035-2050.

ev incentives

> ORNL: new database reveals correlations between OEM incentives and MY sales
(Volt and Fusion Energi examples).

> ORNL: OEM incentives available for vary by state (Volt and Fusion Energi
examples).
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fuel economy

FOTW: Corporate Average Fuel Economy has
increased steadily since mid-2000s.
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Source: http://energy.gov/eere/vehicles/fact-870-april-27-2015-corporate-average-fuel-economy-progress-1978-2014
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fuel economy

FOTW: Most manufacturers have positive CAFE
credit balances at the end of MY2013.
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McLaren B Purchased CAFE credits (2010-2013)
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Subaru

Kia

Nissan
Hyundai
Ford

GM

Honda
Toyota
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Source: http://energy.gov/eere/vehicles/fact-871-may-4-2015-most-manufacturers-have-positive-cafe-credit-balances-end-model
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fuel economy

ICCT: HDV standards yield over one million barrels per
day of oil savings from 2035-2050.
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Figure 2. Summary of CO, and fuel consumption reduction from adopted Phase 1 and proposed
Phase 2 heavy-duty vehicle standards for selected vehicle categories

Source: http://www.theicct.org/us-phase2-hdv-efficiency-ghg-regulations-policy-update
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ev incentives

Chevrolet Volt Sales and OEM incentives By Month
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ORNL: new database reveals correlations between
OEM incentives and MY sales (Volt example).
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Number of Vehicle Sales

Source:

ev incentives
ORNL: new database reveals correlations between

Ford Fusion Energi Sales and OEM incentives By Month
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OEM incentives and MY sales (Fusion Energi example).
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ev incentives

ORNL: OEM incentives available for vary by state
(Volt example).

OEM 2015 Chevrolet Volt Incentives by State 5/15/2015 2018 Vals Carh Rk st L=}
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Source: Lin, Z. ORNL (2015).




ev incentives

ORNL: OEM incentives available for vary by state
(Prius Plug-in example).

OEM Prius Plug-In Incentives by State 5/15/2015
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Source: Lin, Z. ORNL (2015).
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summary opservations

oil and gas prices are still at 10-year lows (despite calendar

energy year 2015 rebound), and global energy outlooks are

mostly aligned.

a utomotive PEV sales grew in early 2015 (albeit more slowly); though,

PEV markets differ (sometimes greatly) by state.
t h ° EPA’s Proposed Clean Power Plan offers more certainty to
ec enVI ro future PEV emissions reductions.

heterogeneity in consumer opinion/motivation along with

[ [ ] [ )
Oplnlon/pOIICV heterogeneity in both public and private incentives

complicates policy and technology considerations.
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